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0 Method for vapor phase polymerization of alphaolefln. 



© A method for polymerizing or copolymerizrrig a- 
olefin in a vapor phase condition by supplying to a 
^ reactor a catalyst composed of a solid catalyst com- 
^ ponent containing at least titanium and/or vanadium 
a3 wall as magnesium and an organic aluminum 
Q) compound wherein the current due to the electric 
CJ> charge transferred from polymer particles electrified 
. to an electrode disposed at a position where sheet- 
3 Nke polymers will be produced in a reactor, as a 
CD result of contact of the polymer particles in the 
_ reactor with the electrode is determined, and the 
polymerization or copolymerization is carried out un- 
jjj der such condition where the mean value of current 
is zero or a positive value. As a result, it becomes 
possible to prevent production ot sheet-like polymers 



and to stably continue the reaction lor polymeriza- 
tion. 
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BACKGROUND OF THE INVENTION 

(1 ) Field of the Invention 

The present invention relates to an operating 
method In case of polymerizing tx-olefin In accor- 
dance with a procedure of vapor phase polymeriza- 
tion, and more particularly to an operating method 
by which production of a sheet-like polymer in an 
area close to the inner wall of its reactor in the 
case when a-olefin is polymerized or copolyrneriz- 
ed by tha use of a vapor phase fluidized bed may 
be reducBd, and unstable reaction of such poly- 
merization may be prevented from occurring. 

(2) Description of the Related Art 

It has been disclosed, for example, in EP-A No. 
224479 that an absolute value of electrostatic po- 
tential during a polymerization reaction has to be 
maintained in zero condition, In other words, a 
polarity of existing voltage has to be kept neutral in 
order to prevent production of sheet-like polymers 
in an area close to the Inner wall of its reactor. 

In the event of polymerizing w-olefin by using a 
vapor phase fluidized bed, there is such a case 
where sheet-like polymers are produced in an area 
close to the inner wall of its reactor especially at 
the beginning of the polymerization, and then a 
port for drawing out polymer and the downstream 
piping therefor are plugged with such sheet-like 
polymers so that the polymerization reaction can- 
not substantially be continued anymore. Such pro- 
duction of sheet-like pofymers is frequently ob- 
served within a period after a solid catalyst compo- 
nent and an organic aluminum compound are sup- 
plied into a reactor in a state where substantially no 
polymerization occurs, then, the polymerization is 
initiated, and before about twenty times higher vol- 
ume of a polymer than that of a reacting zone of its 
fluidized bed are produced. Thereafter, production 
of sheet-like polymers decreases comparatively 
after a condition of the reaction transfers to its 
steady state. 

If the polyolefin particles in a reactor are elec- 
trified, it is known that such electrified particles 
adhere to another substance by electrostatic 
forces. Accordingly, it is supposed that there is any 
relationship between the electrified polyolefin par- 
ticles in the reactor and production of sheet-lrke 
polymers in an area close to the inner wall of the 
reactor. 

In this connection, first, behavior of electrified 
polyolefin particles in a vapor phase fluidized bed 
as well as production of sheet-fike polymers will be 
described in detail hereinbelow. 

in a vapor phase fluidized bed reactor, electric 
charge arises due to contact and/or friction be- 



tween polymer particles as well as between poly- 
mer particles and the inner wall of the reactor so 
that these polymer particles are electrified, respec- 
tively. When these particles possess a high amount 

6 of electric charge and the number of particles 
electrified increases, such electrified polymer par- 
ticles come to adhere to the Inner wall of the 
reactor due to Coulomb forces. A velocity of gas 
stream becomes slow in an area close to the inside 

to wall of the vapor phase fluidized bed reactor so 
that polymer particles electrified adhere much 
more easily to the inside wall of the reactor. 

However, such adhering of electrified polymer 
particles to the inner wall of a reactor does not 

is directly relates to production of sheet-like poly- 
mers. Even If polymer particles have adhered to 
the inside wall of a reactor, when a temperature in 
a layer of such adhered polymer particles does not 
exceed a melting point of the resulting polymer, no 

20 sheet-like polymer is produced. This result as de- 
scribed above is obtained in such a case where a 
concentration of catalyst used is low in a relevant 
area, in other words, an amount of reaction is small 
in the area and as a consequence, associated heat 

25 of polymerization can bo removed. 

On the other hand, when electrified polymer 
particles adhere to the inside wall of a reactor due 
to Coulomb forces and a concentration of the cata- 
lyst used in a layer of the adhered polymer par- 

90 tides is high, polymerization reaction proceeds, 
and as a result it becomes difficult to remove a 
heat of the polymerization. Consequently, a tem- 
perature in the layer of adhered polymer particles 
rises. Finally, such temperature reaches to one 

36 which exceeds melting point of the polymer, and 
the polyolefin parades fuse together to form such 
sheet-lrke polymer. While the expression "concen- 
tration of catalyst" has been used herein, in reality, 
when a catalyst is supplied into a reactor, poly- 

40 merization begins promptly to form polymer par- 
ticles in the presence of the catalyst, and these 
particles continue further polymerization. More spe- 
cifically, even if a concentration of catalyst supplied 
is low in a relevant area, production of sheet-like 

45 polymers is observed after all in ihe case where a 
concentration of polyolefin particles having poly- 
merizing activity is high in the area. For this rea- 
son, a more pertinent expression might be "con- 
centration of active sites for polymerization" or 

so "amount of reaction per unit volume - , but not "con- 
centration of catalyst'. In any event, the concentra- 
tion in this case means the concentration of solid 
catalyst component which have been supplied to a 
reactor as well as the concentration of the resulting 

55 polyolefin particles having polymerizing activity. In 
this respect, the term "concentration of catalyst" 
does not mean simply hereunder that of the cata- 
lyst, but also includes a concentration of polyolefin 



PAGE 6/25 * RCVD AT 211912004 3:01 :17 PM [Eastern Standard Time] ' SVR: USPT0-EFXRF-1W * DNIS:8729306 * CSID:71 3S923720 * DURATION (mm-ss):0d-04 



FEB. 19. 2004 2:54PM UN I VAT I ON LAW OEPT NO. 3533 P. 7 



EP 0 604 990 A1 



particles having polymerizing activity. 

It is, however, to be noted that while such 
polymerization as described above proceeds under 
these circumstances, production of sheet-like poly- 
mers requires further accumulation of heat of poly- 
merization, in other words, it is required for the 
production of sheet-like polymers that such 
polyolefin particles adhere to the inside wall of a 
reactor in the form of a layer with a certain degree 
or more of thickness. Accordingly, there is no pro- 
duction of sheet-like polymers with such thickness 
of a thin layer of the adhered polyolefin particles 
after all. 

With respect to such adherence of polyolefin 
particles in the form of a layer with a certain 
degree of thickness, to be noted is coexistence of 
particles which have been electrified positively and 
other panicles which have been electrified nega- 
tively In the electrified polymer particle group in a 
reactor. 

For the following explanation, polyolefin par- 
ticles which have been merely electrified either 
positively or negatively as a group will be assumed 
herein. As a matter of course, such particles may 
adhere onto the inner wall of a reactor to form the 
first layer thereof due to Coulomb forces. However, 
even if another electrified polymer particles ap- 
proach the first layer, further adherence never oc- 
curs as a result of action of repulsion force due to 
Coulomb forces because these particles have the 
same polarity of electric charge. Thus, the polymer 
particles adhere to the reactor inside wall with 
merely a thickness of single layer in the case 
where ail the existing particles are ones which have 
been electrified in only the same polarity. From the 
above description, it will be appreciated that co- 
existence of particles which have been electrified 
positively and ones which have been electrified 
negatively as a group of polyolefin particles is a 
requirement for adherence of such polymer par- 
ticles in a reactor on the inside wall of a reactor 
with a layer having a certain degree of thickness. In 
addition, it is to be noted that since polymer is an 
insulating material, there is hard to occur the trans- 
fer of electric charge in the polymer and its surface 
(However, when such polyolefin particles are in 
contact with a conductive material such as an elec- 
trode which will be described later, at least a part 
of the electric charge at the she being in the 
contact state transfers immediately to the elec- 
trode). Accordingly, there may be such a case 
where one polymer particle includes plural number 
of electric charges. In this case, the plural number 
Of electric charge may be different from one an- 
other in their signs (polarities). More specifically, 
there is a case where positive and negative electric 
charge coexist within one polymer particle. 



From the faot that production of sheet-like 
polymers is observed in an actual vapor phase 
polymerization of polyolefin, it is considered that an 
electrified state of the polyolefin particles in vapor 
5 phase polymerization is also a complicated elec- 
trified state in such that both of positive and nega- 
tive electric charge coexist in one porymer particle 
as described above. 

Therefore, it Is important to have a good grasp 

io of an electrified state of polymer particles such as 
coexistence of positive and negative electric 
charges in view of a countermeasure how to cope 
with adherence of polymer particles to the inner 
wail of a reactor which might lead to production of 

w sheet-like polymers. 

Heretofore, there have been two methods for 
measuring an electrified state of particles and both 
of them are manners for each measuring electro- 
static potential, i.e. one of which is a (non-contact 

20 way) method for measuring electrostatic potential 
of particles without being in contact with them 
which are the object to be measured and the other 
is a (contact way) method for measuring electro- 
static potential with being in contact with particles 

25 to be measured. The term ■electrostatic potential" 
used herein means one which is due to particles 
electrified and in this case, potential of the earth is 
considered to be zero as reference potential. This 
may be also called by a term "electrostatic volt- 

so age", and which is hereinafter referred to simply as 
"potential". 

In the event where a disaster due to discharge 
of static electricity of particles are prevented from 
occurring, potential of the particles is a very impor- 
ts tant factor. This is because discharge of electricity 
is established to lead a cause for disaster, when 
potential of electrified particles exceeds electric 
breakdown voltage between particles and the earth, 
in other words, electric field strength of the elec- 
40 trifled particles exceeds electric breakdown 
strength between particles and the earth. In such a 
case, a conventional method for measuring poten- 
tial is optimum as a method for measuring a state 
of electrified particles. 
45 However, the conventional method for measur- 
ing potential is not suitable for one lor measuring a 
state of polymer particles electrified in a com- 
plicated situation. This will be amplified herein- 
below by exemplifying the conventional measuring 
so method. 

As a non-contact way measuring method, there 
is, for example, a manner wherein electric field due 
to electric charge of an object to be measured 
which has been electrified is measured by using an 
s§ electrostatic field meter, and potential of the object 
to be measured is determined by the electrostatic 
field measured and a distance extending therefrom 
to the object to be measured. The above described 



PAGE 7125 * RCVD AT 2/1912004 3:01:17 PM [Eastern Standard Time] * SVR:USPT0-EFXRMJ4 * DNIS:8729306 * CSID:71 38923720 ' DURATION (mm-ssJrtMW 



FEB. 19. 2004 2:54PM UNI VATION LAW DEPT 



NO. 3533 P. 8 



EP 0 604 990 A1 



method will be described further by referring to 
Fig. 1, wherein +q designates an amount of elec- 
tric charge in a charged particle 1 . In this connec- 
tion, Fig. 1 iiiustr&ie? an example of a non-contact 
way potential measuring method. In general, since 
an electrostatic field meter 2 is connected to the 
earth ground 3. when strength of electric field and 
a distance extending therefrom to an object to be 
measured are expressed by E [V/m] and d [m], 
respectively, an electric potential difference, 
potential V [V] is determined as follows: 

V = Exd 

However, In the case where an electrified state 
of polymer particles (group) is measured In accor- 
dance with a n on contact way potential measuring 
method, there is such a problem that measure- 
ments may be significantly out of order if the 
polymer particles being the object to be measured 
come to be in contact with a measuring section ol 
the electrostatic field meter even though the meter 
Is non-contact type. A cause for the problem is 
electric charge transferred or produced as a result 
of the contact between the polymer particles and 
the measuring section of the electrostatic field me- 
ter used. For this reason, such noncontact type 
mater (a not generally used for measuring potential 
of particles. 

On the other hand, a conventional contact way 
measuring method is one wherein an electrometer 
is connected with an electrode which is in contact 
with the polymer particles being the object to be 
measured to determine potential as described in, 
for example, the above-mentioned EP-A No. 
224479. Such contact way measuring method Is 
one for measuring potential of the electrode to 
which has been transferred electric charge from the 
polymer particles. Fig. 2 illustrates a contact way 
potential measuring method. As shown in Fig. 2, an 
electrometer 6 is connected to an electrode 5 
which i3 inserted into a reactor 4. Further, the 
electrometer 6 is also connected to earth ground 3. 
The charged particles fluidized in a reactor (not 
shown) are brought into contact with an electrode. 

In this method, the electric charge which has 
been transferred from polymer particles to an elec- 
trode accumulates in the electrostatic capacitor 
which is formed between the earth ground and a 
measuring system composed of electrodes, an 
electrometer, wirings for the electrodes and elec- 
trometer, and the like components so that potential 
in the measuring system changes. When the po- 
tential of an electrode changes, an amount of elec- 
tric charge transferred from polymer particles 
changes in even the case where such poly m Br 
particle having the same amount of electric Change 
comes to be In contact with the electrode, in addi- 



tion, frequency of contact of polymer particles with 
the electrode varies under the influence of 
Coulomb force. Furthermore, an amount of electric 
charge leaking from the measuring system varies 

s also in accordance with changes in potential of the 
measuring system. Finally, potential of the alec* 
trode in the case when equilibrium is established 
by both of the amount of electric charge trans- 
ferred from the polymer particles to the electrode 

iq and the amount of electric charge leaking from the 
measuring system is obtained as a measured val- 
ue. 

It Is. however, necessary for paying attention to 
the fact that the measured value of potential thus 

te obtained Is such potential of an electrode in the 
event where equilibrium Is established by both the 
amount of electric charge transferred from the 
polymer particles to the electrode and the amount 
of electric charge leaking from the measuring sys- 

20 tern, but it is never such potential of polymer 
particles (group) existing nearby the electrode after 
all. 

Such measured potential value of polymer par- 
ticles (group) is affected by electrostatic capacity 
2S between the polymer particles (group) and ground. 
More specifically, even it polymer particles (group) 
have the same amount of electrification, when the 
electrostatic capacity appearing with respect to 
ground changes (electrostatic capacity varies also 
due to a shape, volume and a correlative relation- 
ship in position of a reactor), measured potential 
value of the polymer particles (group) changes 
accordingly. 

Now, what is meant by measurements in the 

3S present method will be described in conjunction 
with the circuit diagram shown in Fig. 3 wherein C 
[F] designates electrostatic capacity of a capacitor 
formed between the measuring system and earth 
ground, and R [n] designates insulation resistance 

«7 of the measuring system. The circuit diagram 
shown in Fig. 3 is electrically equivalent to the 
diagram of Fig. 2. in this case, each polymer 
particle has a constant amount of positive electric 
charge, and It is assumed that the initial potential of 

46 an electrode is zero. 

with accumulation of electric charge as a result 
of transferring of the same from polymer particles 
to the capacitor formed between the measuring 
system and earth ground, potential of the electrode 

so increases- When an amount of electric charge ac- 
cumulated in the capacitor is designated by q [CJ, 
potential V [VJ of the electrode is expressed by v 
= q/C. 

With increase of the potential of electrode, re- 
55 pulsive force acting between the electrode and the 
polymer particfes increases so that the polymer 
particles become difficult to be In contact with the 
electrode, in addition, such amount of electric 
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charge which transfers to the efectrode in the case 
when the polymer particles are in contact therewith 
decreases also. For this reason, an amount of 
electric charge transferring to the electrode per unit 
time. Lb. current l, n derived from the electrode 
varies dependent on the potential V of electrode. 
This may be expressed by h n = KV) In accordance 
with a function f(V>. 

Leakage current \ olA from the measuring sys- 
tem may also be a function of the potential of 
electrode, and this is expressed by = WR in 
accordance with Ohm's law. Finally, a measured 
value of potential becomes the potentiaJ V of elec- 
trode In the case where li n - 1^ s 0. i.e. 

t(V) = V/R (I) 

is valid. 

in this case, the function f{V) expressing trans- 
fer of electric charge from polymer particles to an 
electrode having potential V Is fixed dependent 
upon the electrode used for the measurement, 
types of polymer, an electrified state of the poly- 
mer panicles. 

In the case where Equation I is in such a form 
which includes no variable other than the function f- 
(V) and the potential V, when the electrode and a 
type of the polymer are fixed, the measured value 
V is determined uniquely with respect to an elec- 
trified state of polymer particles. However, Equation 
I includes an insulation resistance R of the measur- 
ing system other than the function f(V). Triis means 
that the measured value, r.e, the potential v of 
electrode which satisfies Equation I Is affected by 
an insulation resistance of the measuring system. 
Namely, this means that when the Insulation resis- 
tance of measuring system is not kept constant, 
the measured value V is not uniquely determined 
with respect to the electrified state of polymer 
particles even it the electrode and the types of 
polymer are fixed. 

In other words, it may be concluded that mea- 
sured values cannot be directly compared with 
each other in such a contact way method for mea- 
suring potential as mentioned above so far as its 
measuring System is specified, and its condition is 
kept constant. Accordingly, it may be said that 
direct comparison of the resulting measured values 
is extremely difficult in the contact way method for 
measuring potential described in the aforesaid EP- 
A No. 224479 from the theoretical point of view. 

In either measuring method of contact or non- 
contact way as described above, measurements 
are obtained in the form of potential or voltage. 
Such measurements of potential are, however, 
based on a difference between positive and nega- 
tive electric charge as its polymer particle group. 
Accordingly, it may be concluded that these meth- 



ods are not suitable for one for measuring a com- 
plicated electrified sate of a polymer particle group 
in which there Is coexistence of positive and nega- 
tive electric charge, besides balance between posK 
s tive and negative electric charge Is important with 
respect to adherence of the polymer particles to 
the inside wall of a reactor. 

In this connection, when, for example, such 
polymer particle groups composed of coexisting 
70 electrically equivalent number of polymer particle 
groups each of which is positively and negatively 
electrified are imagined and these polymer particle 
groups are measured by a method for measuring 
potential, the resulting measured value is theoreti- 
cs cally zero as potential. This is because a difference 
between positive and negative electric charge is 
zero irrespective of the aforesaid contact and non- 
contact way methods. 

According to the aforesaid EP-A No. 224479, 
20 prevention of producing sheet-like polymers is at- 
tained by keeping its electrostatic potential neutral. 
Accordingly, it may be considered that there is no 
sheet-like polymer Is produced in the case as 
described above where electrically equivalent num- 
25 ber of polymer particle groups coexist so that its 
electrostatic potential is neutral. However, since 
such polymer particles each of which is positively 
and negatively electrified coexist, it is highly possi- 
bte to occur thick adherence of polymer particles 
90 onto the inside wall of a reactor as mentioned 
above in this case. 

As described above, it is uncertain and difficult 
to intend prevention of producing a sheet-like poly- 
mer in case of vapor phase polymerization of er- 
as olefin in accordance with measurement of potential 
Meanwhile a mechanism for generating static 
electricity has not yet been elucidated in general, 
and there is the same tendency as to vapor phase 
polymerization of poly olefin. 
40 Accordingly, fundamental elucidation of a 
mechanism for generating static electricity and 
countermeasures for preventing generation of static 
electricity based on such elucidation are inevitably 
insufficient and incomplete. Consequently, we must 
45 study a manner for dealing with and solving the 
problem of generating static electricity on the 
premise that polymer particles are electrified. 

On the other hand, there is such a case where 
minute current flowing through an electrode is 
50 measured for determining an amount of electric 
charge in a field relating to electrostatic phenom- 
ena. This is because it may also be considered 
that current is differential of an amount of electric 
charge transferred with respect to time. Therefore, 
55 minute currant is measured, and the measured 
value is integrated with time, whereby a minute 
amount of electric charge transferred can be cal- 
culated, in case of measuring an amount of electric 
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charge, generally a direction along which current 
flows, i.e. a direction along *»hich electric charge 
transfers and measurements of current do not 
change in a short period of time- 
On the contrary, in the case where a direction 
along which electric charge transfers and a value of 
Current itself vary remarkably in a short period of 
time, it is difficult to obtain an effective value as an 
amount of electric charge oven if a determined 
current value is integrated with time. Thus, here- 
tofore utilization of a method for measuring current 
has been limited to such a cade where a direction 
along which electric charge transfers and measure- 
ments of current vary slightly within a short period 
of time. 

We notice this measuring method by which 
transfer of minute electric charge can be deter- 
mined, and study for applying the measuring meth- 
od to measurement of an electrified slate of poly- 
mer parttofes. 

In case of electricity served for daily use. mu- 
tual conversion of current and voltage is easy as is 
apparent from the fact that a typical vohmoter is 
composed of an ammeter and a resistor having a 
high resistance value. This is because a relation- 
ship between vohage and current has been formu- 
lated through the mediation of resistance (imped- 
ance). 

In general, however, mutual conversion of cur- 
rent measurement values according to the method 
used in the present invention to those of conven- 
tional potential and electrostatic voltage is impos- 
sible. This is because these respective measure- 
ments are simply in the form of current or voltage 
as a manner for expressing an electrified state of 
polymer particles, and their measuring principles 
are quite different from one another. 

OBJECT AND SUMMARY OP THE INVENTION 

It is an object of the present invention to pro- 
vide a stable operating method for vapor phase 
polymerization of o-olefin by which a problem of 
producing sheet-like polymers at especially an ear- 
ly stage of the reaction is solved in the case of 
polymerizing a-defin by the use of the vapor phase 
fluidized bed reactor as described above. 

As a result of our eager study for accomplish- 
ing Ihe above described object the present in- 
ventors have attained the present invention based 
on such finding that a mean value of current due to 
the electric charge transferred from polymer par- 
ticles electrified to an electrode which is disposed 
at a specified position within a reactor is adjusted 
to be maintained at a certain level or more, where- 
by production of sheet-like polymers can be sup- 
pressed. 



More specifically, according to the first aspect 
of the present invention, there Is provided a meth- 
od for polymerizing or oopoiymerizing a-olefin in 
vapor phase condition by supplying to a reactor a 

6 catalyst composed of a solid catalyst component 
containing at least titanium and/or vanadium as well 
as magnesium and an organic aluminum com- 
pound, characterized by determining current due to 
the electric charge transferred from polymer par- 

70 tides electrified to an electrode disposed at a posi- 
tion where sheeMike polymers will be produced in 
a reactor as a result of contact of said polymer 
particles in the reactor with said electrode, thereby 
to polymerizing the a-olefin under such condition 

ts whore said mean value of current is zero or a 
positive value. 

According to the second aspect of the present 
invention, there is provided a method for poly- 
merising a-olefin in vapor phase condition as 

20 claimed in claim 1 wherein said organic aluminum 
compound is an alky! aluminum. 

According to the third aspect of . the present 
invention, there is provided a method for poly- 
merizing o-olefin in vapor phase condition as 

25 claimed in claim 1 wherein said catalyst is com- 
posed of a solid catalyst component containing a 
tetravalent titanium compound and a magnesium 
haiide as well as an aikyl aluminum. 

W BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention wit) become more fully 
understood from the detailed description given 
hereinbeiow and the accompanying drawings which 
35 are given by way of illustration only, and thus are 
not limitative of the present invention, and wherein: 
Fig. 1 is a schematic diagram for explaining a 
conventional non-contact way measuring meth- 
od of potential: 
40 Fig. 2 is a schematic diagram for explaining a 
conventional contact way measuring method of 
potential; 

Fig. 3 is a circuit diagram which is electrically 
equivalent to the device in Fig. 2; 
45 Fig. 4 is schematic sectional view, in elevation, 
showing a fluidized bed reactor to which is at- 
tached a probe for measuring current; and 
Fig. 5 is an explanatory view illustrating a cur- 
rent measuring device. 

50 

DETAILED DESCRIPTION OF THE INVENTION 



55 



The reactor used for polymerizing or 
copolymeri zing c* -olefin in a vapor phase condition 
in the present invention includes any type of 
fluidized bed or agitated bed reactors which are 
substantially operated In a gas-solid system, and 
they may be or not may be equipped with an 



6 
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agitator. 

The a-olefins used in the present invention 
have 2 to 6 carbon atoms, preferably 2 to 6 carton 
atoms. For example, ethylene, propylene, butene-1 » 
pentene-1> hexene-1, and 4-methylpentene-l are 
used. Those can be used singly for homo- 
polymerization or for copolymarization of two or 
more kinds of them. The combinations of mon- 
omers for copolyrnerization are exemplified by 
those of ethylene end an a-olefln having 3 to 12 
carbon atoms such as ethylene/propylene, ethyl- 
ene/butene-1 , ethyienemexene-i, and ethylene/4- 
methylpentene-1; propylene/butene-i ; and the 
combination of ethylene and two kinds or more of 
o-olefins. 

Furthermore, It Is possible to copolymerize with 
dienos for the purpose to improve the properties of 
polyoJerln. Exemplified as the dienes are butadiene, 
1 ,4-hexadiene, ethylidenenorbornene. and 
dlcydopentadiene. 

The feeding of olefins into reaction system is 
preferably carried out together with a suitable inert 
carrier gas such as nitrogen. 

The catalysts used for the above polymeriza- 
tion of a-olefins are composed of an or- 
ganoaluminum compound and solid catalyst com- 
ponents which contain at least one or both of 
titanium and vanadium and magnesium. The solid 
catalyst components containing at least titanium 
and/or vanadium; and magnesium are exemplified 
by a catalyst component containing titanium and 
magnesium which is well known as a Ziegier type 
catalyst for the polymerization of olefins, a catalyst 
component containing vanadium and magnesium, 
and a catalyst component containing titanium, va- 
nadium and magnesium. 

More particularly, ttie above catalyst compo- 
nents are prepared by adding a titanium compound 
and/or vanadium compound on a carrier of magne- 
sium-containing inorganic solid compounds such as 
metallic magnesium, magnesium hydroxide, mag- 
nesium carbonate, magnesium oxide, and magne- 
sium chloride, or double salts, double oxides, car- 
bonates, chlorides and hydroxides containing mag- 
nesium and an element selected from silicon, alu- 
minum, and calcium, or those obtained by treating 
or reacting the above inorganic solid compounds 
with an oxygen-containing compound, sulfur-con- 
taining compound, aromatic hydrocarbon or halo- 
gen-containing compound. 

The above-mentioned oxygen-containing com- 
pounds are exemplified by water; polysiloxane; or- 
ganic oxygen-containing compounds such as al- 
cohols, phenols, ketones, aldehydes, carboxyllc ac- 
ids, esters, and acid amides; alkoxides of metals; 
and inorganic oxygen-containing compounds such 
as oxychlorides of metals. The sulfur containing 
compounds are exemplified by organic sulfur-con- 
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taining compounds such as thiols and thioethers 
and inorganic sulfur-containrng compounds such as 
sulfur dioxide, sulfur trioxide, and sulfuric acid. The 
aromatic hydrocarbons are exemplified by mon- 

6 ocycilc or polycyclic aromatic hydrocarbons such 
as benzene, toluene, xylene, anthracene, and 
phenanthrene. The halogen-containing compounds 
are exemplified by chlorine, hydrogen chloride, 
metal chlorides, and organic halides. 

io The foregoing titanium compounds are exem- 

plified by halides, alkoxy halides, alkoxides, and 
oxychlorides of titanium. Among them, tetra-valent 
titanium compounds and tn volont titanium com- 
pounds are preferably used. The tetra-valent 

;5 titanium compounds are represented by the gen- 
eral formula; 

TifpR),^ 

20 in which R is a hydrocarbon radical such as an 
alkyl group, aryl group or aralkyl group having i to 
20 carbon atoms, X is a halogen atom and n Is a 
numeral of 0 S n £ 4. 

More particularly, the titanium compounds are 

26 exemplified by titanium tetrachloride, titanium 
tetrabromide, titanium tetraiodide, trichlorotitanium 
monomethoxide, dicttiorotitanium dimethoxide. 
monochlorotitanium trimethoxide, titanium 
tetramethoxide, trichlorotitanium monoethoxide. 

30 dichlorotitanium diethoxide, monochtorotrtanium 
triethoxide, titanium tetraethoxide, trichlorotitanium 
monoisopropoxide, dichlorotitanium diisopropoxide, 
monochlorotitanium tiisopropoxrde, titanium 
tatraisopropoxrde, trichlorotitanium monobutoxide, 

as dichlorotitanium dibutoxide, monochlorotitanium 
tributoxide, titanium tetrabutoxide, trichlorotitanium 
monopentoxide. trichlorotitanium monophenoxide, 
dichlorotitanium dlphenoxide. monochlorotitanium 
triphenoxide. and titanium tetraphenoxide. 

40 The tri-valerrt titanium compounds are repre- 
sented by the general formula; 

Ti(OR),nX*-m 

45 in which R is a hydrocarbon radical such as an 
alkyl group, aryl group or aralkyl group having 1 to 
20 carbon atoms, X is a halogen atom and m is a 
numeral of 0 £ m £ 4. These compounds are 
exemplified by tn-vatent titanium compounds which 

so are prepared by reducing haJogenated titanium al- 
koxides with hydrogen, aluminum, titanium or or- 
ganometallic compounds of the group I to III of the 
periodic table. 

Among the above titanium compounds, the 

ss tetra-valent titanium compounds are preferable. 

More particularly, the catalyst are exemplified 
by those prepared by combining organoaluminum 
compounds with solid catalyst components of: 
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MgORX-TlCU (U.S. Patent No, 4.065,611), 
Mg-SiCU-ROH-TICf*. 

MgCVAKORfc-TiCU (U.S. Patent No. 4.202.953), 
MgCb^SiCU-ROH-TiCL 

(U.S. Patent Nos. 4,006.101 and 4,083.802) 
Mg(OOCR)z-AI(OR)a-TiCU (U.S. Patent No. 
4.022,958). 
Mg-POCb-TiCL. 

MgCfe-AIOCI-TiCU (U.S. Patent No. 4.061,857). 
MgCb-AI(0R) n X a . n -Si(0R') ll ^4-^-TiCI» 

(US. Patent No. 4,507.440) 
in which R and R* are organic residual group* and 
X is a halogen atom. 

The foregoing vanadium compounds are exem- 
plified by tetra-vaient vanadium compounds such 
as vanadium tetrachloride, vanadium tetrabromide, 
and vanadium tetraiodide; and ponta-valont vana- 
dium compounds such as vanadium oxytrichloride 
and orthoalkyl vanadate; and trl-valent vanadium 
compounds such as vanadium trichloride and vana- 
dium triethoxide. 

The vanadium compounds can be used singly 
or in combination with the titanium compounds. 

Amplified as other catalysts are the combina- 
tion of organoaluminum compounds wrth a solid 
catalyst component prepared by reacting an or- 
ganomagnesium compound of the so-called Grig- 
nard reagent with a titanium compound and/or a 
vanadium compound. The organomagnesium com- 
pounds are exemplified by the compounds repre- 
sented by the general formulae: RMgX, RaMg and 
RMg(OR), in which R is an organic radical having 1 
to 20 carbon atoms and X is a halogen atom, and 
their ether complexes, and other compounds which 
are prepared by modifying the above organomag- 
nesium compounds with other organometallic com- 
pounds such as organosodium. organolrmlum, or- 
ganopotassium, organoboron and organocalcium. 

Typical examples of the above calalysts are 
the compounds prepared by combining an or- 
ganoaiuminirm compound with a solid catalyst 
component such as RMgX-TiCU type. RMgX-phe- 
nohTlCU type, RMgX-hatogenated phenol-TiCU 
type and RMgX-COz-TlCU type. 

Other catalyst systems are exemplified by the 
combination of an organoaluminum compound with 
a solid substance which is obtained by reacting an 
inorganic oxfde as a solid catalyst component such 
as 3(02, Ai 2 0 3 and SiCfe-AfeOa with the above- 
described solid catalyst component containing 
magnesium and titanium and/or vanadium. Besides 
the above inorganic oxides of SiOa, AfeOs and 
5iOz*AlzO?; CaO, Ba20 3 and SnCfe are also used, 
furthermore, the double oxides of the above oxides 
can also be used. These inorganic oxides are 
brought into contact wrth the solid catalyst compo- 
nent containing magnesium and titanium and/or 
vanadium through a well-known method. More par- 



ticularly, the reaction is carried out at a tempera- 
ture In the range of 20 to 400 *C. preferably 50 to 
300 • C. generally for 5 minutes to 20 hours with or 
without an organic solvent such as an inert hy- 

5 drocarbon. alcohol, phenol, ether, ketone* ester, 
amine, nitrile or a mixture of them. The reaction 
may be carried out by any suitable method such as 
performing ball milling of all component materials. 
Practical examples of the above catalyst sys- 

io terns are the combination of an organoaluminum 
compound with a solid catalyst component exem- 
plified as follows: 

Si<VROH-MgCVTlCU (US Patent No, 4.315.009). 
SiQz-ROR'-MgO-AlCb-TiCl* (British Patent No. 
T5 2,099.004). 

SiO*-MgClz-AI(ORH-TiCU-Si(OR')4 (US Patent No. 
4,396,534). 

5101- TlCU-R^ICI^-n-MgCb-AKOR^nCb-ft (EP-A 
No- 407143), 

20 S^-TiCU-RnArX^n-MgCb-AKOR'J^CIj-ft-SitOR'y 
„CU- n (EP-A NO. 413469). 

SiC^-MgCb-AlfOR'JnCb^-Ti^R^-R^Cla-n (EP- 
A NO. 426375) 

510 2 - MflCI 2 -AI(OR')nCl3- n -Ti(OR") ft Cl^ rt -R ft AlCl 3 - n 
25 (EP^A No- 428375) 

510 2 - TTCU-R fl AICl3-„-MgCI 2 -AI(OR , ) n Cl g . ( »«R ,, n> Si- 

510 3 - R„MgX 2 _ n -AI(OR f ) n Cl 9 -„-TI(OR") n CI,- n - 
R'^OH-R^AOVft (EP-A No. 507574) 

30 SiOz-MflCb-AIIOR'^Cb-rtTitOR^JftCU.p-R^OH- 
Rr^Cl^ n -AJ(OR%a a - ft (EP-A No. 5TJ0392) 
in which R, R". R u and R"' are hydrocarbon resid- 
ual groups, respectively- 

In these catalyst system, the compounds of 
35 titanium and/or vanadium can be used as the ad- 
ducts of organic carboxyllc esters. Furthermore, it 
is possible to use the foregoing Inorganic solid 
compounds after bringing the compounds into con- 
tact with organic car boxy fie acid esters. Still further, 
4Q the organoaluminum compounds can be used as 
an adduct with an organic carboxyllc acid ester. In 
other words, the catalyst systems which are pre- 
pared in the presence of organic carboxylic add 
esters can be used. 
45 The organic carboxylic acid esters used herein 
are exempted by the esters of aliphatic, alicydic 
and aromatic carboxylic acids. Among all, aromatic 
carboxylic acid esters having 7 to 12 carbon atoms 
are preferable, which are exemplified by aikyl es- 
se ters such as methyl ester and ethyl ester of ben- 
zoic acid, anisic acid, and toluic acid- 

The organoaluminum compounds used togeth- 
er With the above-described solid catalyst compo- 
nents are those having at least one of aluminum- 
55 carbon bond in the molecule. 

For example, they are exemplified by: 
(i) organoaluminum compounds represented by 
the general formula: 
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in which each of R and R' is a hydrocarbon 
group having 1 to 15 carbon atoms, preferably 1 
to 4 carbon atoms such as alky I, aryl, alkenyl, or 
cycloalkyl group. Tne alkyl groups are exempli- 
fied by methyl, ethyl, propyl, isopropyl. isobutyl, 
sec-butyl, tert-butyl, hexyt and octyl groups. R 
and FV may be either the same or different 
ones. X Is a halogen atom. The symbols m, n, p 
and q are, respectively, 0<mS30Sn<30S 
p < 3, and 0 S q O as well as <m + n + p + q) ~ 
3. and 

(ii) alkylated complexes of a metal of the group I 
of the periodic table with aluminum which is 
represented by the general formula: 

MAIR4 

in which M is a metal selected from the group of 
Li. Na and K, and R is the same hydrocarbon 
group as me above, 
exemplified as the organoaluminum com- 
pounds belonging to the above (i) are: 

General formula RmAlfORVm 

in which each of R and R' is the same hydrocarbon 
group as the above one and m is a numeral prefer- 
ably in the range of 1.5 £ m < 3. 



General formula: 



in which R is the same hydrocarbon group as the 
above one, X is a halogen atom and m is a 
numeral preferably in the range of 0 < m < a. 

General formula; RmAlHa-m 

in which R is the same hydrocarbon group as the 
above one and m is a numeral preferably in the 
range of 2 £ m< 3. 

General formula; R^AKOFOnX, 

in which R is the same hydrocarbon group as the 
above one, X is a halogen atom, and each of m, n 
and q is a numeral preferably in the ranges of 0 < 
m£302n<3 t and 0 £ q < 3 and (m + n +q) = 

3. 

The organoaluminum compounds belonging to 
the group 0) are exemplified by trialkylaiurninums 
such as trimethyialumlnum, tri ethylaluminum, 
triisopropylaluminum, trilsobutylaluminum, tri-sec- 
butylatuminum, tri-tart-butyl aluminum, trihex- 
ylaluminum and trioctylaluminum; trial- 
kenylaluminum; dialkybluminurn alkoxides such as 



30 
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diethy (aluminum ethoxide and dibutyi aluminum 
butaxide; alkylafuminum sesquialkoxide such as 
ethylaluminum sesquiethoxide and butylaJuminum 
sesquibutoxide as well as partially aikoxyiated al- 
9 kylaluminum represented by the average composi- 
tion of n2^Al(OR)oj; dialkyJaluminum haikies such 
as diethylaluminum chloride, dibutylaluminum chlo- 
ride, and diethylaluminum bromide; partially halo* 
genated alkylaluminums such as ethylaluminum 
70 sesquichloride, butylaluminum sosquichioiidB, 
ethylaluminum sesquibromide; partially hydrogenat- 
ed alkylaluminums such as dialkylaluminum 
hydrides of diethylaluminum hydride and 
dibutylaluminum hydride and aikytatuminum 
re dihydhdes such as ethylaluminum dihydride and 
propylaluminum dihydrido; and partially aikoxyiated 
or haiogenated alkylaluminums such as 
ethylaluminum ethoxychloride. butylalurninum 
butoxychioride, and ethylaluminum ethoxybromide. 
20 The organoaluminum compounds belonging to 
the above group (ii) are exemplified by LiAI(CaH 5 b 
and LiA!(C 7 Hi 5 )i. 

As the above organoaluminum compounds be- 
longing to tho above (i). it is passible to use the 
28 compounds in which two or more aluminum atoms 
are bonded through oxygen atoms or nitrogen 
atoms can also be used, which compounds are 
exemplified by (C-HsfcAlOAKC-Hs)*. (C*H»)- 
2 AlOAI(C4H»)2. and (CaHskAIN^HsJAKC^Hsk. 

Among the above-mentioned compounds, trial- 
kylaJuminums are most preferable. 

' The quantity of organoaluminum compound to 
be used in regular operation is not limited, how- 
ever, rt may be in the range from 0-05 to 1000 
moles per 1 mole of titanium compound. 

The polymerization according to the present 
invention is earned out in the like manner as the 
ordinary polymerization of olefins in the presence 
of Ziegler type catalyst. That is. the reaction is 
40 substantially carried out under a vapor phase con- 
dition. Concerning other polymerization conditions, 
the temperature is in the range of 10 to 200 *C, 
preferably 40 to 150 ■ C and the pressure is In the 
range from the normal pressure to 70 kg/cm 2 - G, 
«s preferably 2 to 60 kg/cm a »G. 

The regulation of molecular weight can be at- 
tained effectively by adding hydrogen into a poly- 
merization system although it can be done to some 
extent by changing the polymerization conditions 
so such as temperature, molar ratios of catalysts or 
else. 

a Olefins, solid catalyst components and or- 
ganoaluminum compound are introduced constant- 
ly into the reaction systom during the regular op- 
55 oration, meanwhile the produced polymer particles 
are taken out from the polymerization system. 

In the polymerization of a-oietins in a fluidized 
bed reactor, the reactor is previously fed with the 
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so-called seed polymer of resin particles to start 
fluidizatlon. and the polymerization is then started 
by continuously feeding me reactor with mixed 
gases as raw materials, solid catalyst components 
and an organoaluminum compound as a co-cata- e 
lyst. Because the catalysts are hardly dispersed, in 
the case that the seed polymer is not used, granu- 
lar resin cannot be formed and the fluidized bed 
cannot be formed either. Accordingly, when the 
fluidited bed polymerization reactor is used, the to 
seed polymer is inevrtably fed into the reactor in 
the initial stage of polymerization. 

Incidentally, the seed polymer used in the 
present invention which is fed Into tho reactor prior 
to the start of polymerization, is not especially is 
limited as far as it can form a fluidized bed or a 
stirred bed. However, the polyolefin particles, espe- 
cially those having the same properties as those of 
product to be prepared, is preferably used as the 
seed polymer in general. 20 

As the seed polymer used in the present in- 
vention has preferably an average particle diameter 
of 500 to 1500 urn and a bulk density of 0.25 to 
0.5 g/crrv 1 . The seed particles of smaller than 500 
Urn in average particle diameter is not preferable. zs 

The quantity of the seed polymer is not espe- 
cially limited as far as it can form a fluidized bed or 
stirred bed. 

After feeding a seed polymer, nitrogen purging 
is done in order to eliminate entrained oxygen and, 30 
by raising the temperature and pressure, the con- 
ditions of gas composition and temperature for 
polymerization are attained. After that, the poly- 
merization is started by feeding predetermined 
quantity and rate of olefin gases, solid catalyst ss 
component and organoaJuminurn compound. 

After the feeding of seed polymer, the order of 
feeding of the solid catalyst component, or- 
ganoaluminum compound and olefin gases can be 
done arbitrarily. For example, the solid catalyst *o 
component, organoaluminum compound and olefin 
gases which are diluted with proper inert gas are 
simultaneously fed, or the organoaluminum com- 
pound is fed in the first place, and the solid cata- 
lyst component is fed thereafter, or the solid cata- 45 
lyst component is firstly fed and the or- 
ganoaluminum compound is then fed. 

According to the present invention, a stainless 
electrode is inserted into a reactor for polyolefin of 
vapor phase ffuidized bed type, and when such so 
current due to tho electric charge transferred from 
polymer particles to the electrode is measured , 
measurements of the current varies frequently with- 
in an extent of positive and negative polarities. As a 
matter of course, the measurements oscillate or 65 
vary positively and negatively on the basis of neu- 
tral lever (value zero) in the case where sheet-like 
polymers are produced, and furthermore the same 
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behavior is observed in even the case where stable 
operation is continued. When the measurements of 
current are plotted as ordinate and the time as 
abscissa, the measurements distribute in positive 
and negative ranges across value zero. Namely, 
this fact suggests coexistence of polymer particles 
electrified positively and ones electrified negatively 
in a polymer particle group. 

As a result of measuring current values, there 
was a correlation between an amplitude of the 
measurements of oscillating current and an amount 
of adhering polymer particles onto the Inner wall of 
a reactor. More specifically, it has been found that 
when the amplitude of the measurements of os- 
cillating current Is wide, an amount of the polymer 
particles adhered increases, while when the am- 
plitude is narrow, an amount of the polymer par- 
ticles adhered dec/eases. In this case, an amount 
of potymer particles adhering to the inner wall of a 
reactor may be determined by measuring differen- 
tial pressure which will be described later. 

A large value of amplitude of oscillating current 
means that the electric charge of mingled particle 
groups electrified positively and negatively is large. 
In this case, accordingly, it is considered that thick 
adherence of polymer particles to the inside wall of 
a reactor occurs easily as mentioned above- When 
differential pressure is actually measured to deter- 
mine an amount of polymer particles adhering to a 
reactor inside wall, the amount adhered is large so 
that the above-mentioned explanation may be con- 
sidered to be correct. 

All the way of conventional thinking for prevent- 
ing production of sheet-like polymers including the 
aforesaid EP-A No* 224479 is to reduce simply 
adherence of polymer particles to the inside wall of 
a reactor as a fundamental solution. If such a way 
of fundamental thinking is adopted, it is sufficient to 
simply narrow an amplitude of current, it is be- 
cause existence of both particles electrified posi- 
tively and ones electrified negatively Is a necessary 
condition for such adherence of polymer particles 
as mentioned above, and the Intensity of electric 
charge can be determined by an amplitude of 
oscillating current. 

Meanwhile, it has been surprisingly found that 
adherence of polymer particles to the inside wall of 
a reactor is not necessarily related to production of 
sheet-like polymers even in the course of poly- 
merization. 

While adherence of polymer particles to the 
inside wall of a reactor has been confirmed by 
decrease in differential pressure between the upper 
and lower sections in a fluidized bed in the case 
where an amplitude of the measurements of cur- 
rent is wide, indicated values of a thermometer 
disposed close to the inside wall of the reactor 
exhibit lower values than that of a temperature in a 
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polymer particle layer fluidized in the interior of the 
reactor In the case whare an average value of 
oscillating current indicates zero or a positive val- 
ue. This fact suggests no production of sheet-like 
polymer as mentioned hereinbelow. In reality, no 
sheet-Jike polymer was found in the case as de- 
scribed above from either a polymer which was 
drawn out from its polymerisation system during 
polymerization, or remaining polymer particles in a 
reactor in case of stopping operation of the reactor. 
Besides no sheet-like polymer exists also in the 
reactor. 

On the contrary, in the case where a mean 
value of current oscillates while exhibiting negative 
value, indicated values of a thermometer disposed 
close to the inner wall of a reactor exhibit higher 
values than that of a temperature in a polymer 
particle layer fluidized in the interior of the reactor, 
so that this fact suggests production of sheet-like 
polymers. In fact, sheet-like polymere were found 
in the case as described above from a polymer 
which is drawn out from Its polymerization system 
during polymerization as well as remaining polymer 
particles in a reactor in case of stopping operation 
of the reactor. 

As described above, it has been newly found 
that a mean value of the measurements of oscillat- 
ing current has a correlation with a catalyst con- 
centration in the vicinity of a place where the 
measurement is effected. Strictly speaking, how- 
ever, such a mean value of oscillating current does 
not directly relate to a concentration of catalyst, but 
it is considered to exhibit easiness of adherence of 
a catalyst (including polyolefin particle having poly- 
merization activity) to the inner wall of a reactor 
Anyway such knowledge justifies the recognition by 
the present inventors to the effect that localization 
of a catalyst is more important than mere adher- 
ence of polymer particles as a cause for producing 
sheet-like polymers. 

Thus, either when polymerization is started by 
feeding a catalyst under such a condition that an 
average value of current is zero or a positive value, 
said current being due to the electric charge trans- 
ferred from polymer particles electrified (which is a 
seed polymer introduced preliminarily in a reactor 
prior to commencement of polymerization) to an 
electrode disposed at a position where a possibility 
of producing sheet-like polymers exist in the reac- 
tor before polymerization is started by feeding a 
catalyst or the like, or when polymerization is effec- 
ted under such a condition wherein such average 
value of current is zero or a positive value, sheet- 
like polymers are slightly produced, whereby either 
stable polymerizing reaction is started, or such a 
stable polymerization is continued. 

For fixing an average value of current to zero 
or a positive value, an arbitrarily suitable means 



may be utilized. Such a purpose can be attained 
by adjusting, for example, preliminary treatment in 
a polymerization tank or a starting condition for 
polymerization. Otherwise such a method wherein 

s a reaction is interrupted to stop tentatively feed of 
a catalyst and the like, and thBn it is confirmed by 
a suitable manner that an average value of oscillat- 
ing current is zero or a positive value, thereafter 
such catalyst and the like are fed again may be 

jo utilized- 

More specifically, for the sake of adjusting a 
mean value of current due to the electric charge 
transferred from polymer particles to an electrode 
disposed at a position where a sheet-like polymer 

75 will be produced in a reactor before polymerization 
is started to zero or a positive value, the following 
suitable methods may be utilized. 

For example, the adjustment of an average 
value of current due to the electric charge trans- 

50 ferred from polymer particles to an electrode dis- 
posed at a position where sheet-like polymers will 
be produced in a reactor can be achieved by 
changing a manner for introducing a seed polymer, 
rrs drying condition, and concentration of olefin gas 

as or comonomer to be supplied to a reactor, or 
changing also conditions of operating temperature, 
operating pressure, rate of gas stream and the like. 

As described above, real mechanism for gen- 
erating static electricity has not yet been com- 

M pletely elucidated in not only the case of vapor 
phase polymerization, but also in case of general 
phenomena. 

In the present invention, however, it is impor- 
tant to effect operation for initiating polymerisation 

33 or polymerizing operation itself in such a condition 
that an average value of current based on the 
electric charge transferred from polymer particles 
to an electrode disposed at a position where sheet- 
like polymers will be produced in a reactor is 

40 maintained at zero or a positive value. When such 
condition described above is established, preven- 
tion of producing sheet-like polymers can be at- 
tained. While the upper limit is not specifically 
restricted so far as a mean value of oscillating 

45 current is positive, generally the limit is +500 hA 
or less. Thero is a case where a width of amplitude 
of oscillating or fluctuating current reaches 2000 nA 
at the maximum, while in a stable condition where 
no production of sheet-like polymer is observed the 

59 width is comparatively narrow, and it exhibits occa- 
sionally a state of 50 nA or less. In this connection, 
however, it is usual that certain fluctuation is ob- 
served with respect to current value even in a 
stable state. 

ss A position at which Is disposed an electrode for 
measuring current due to the electric charge trans- 
ferred from polymer particles is that at which 
sheet-like polymers will be produced in vapor 
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phase polymerization, and SUCh position resides 
generally in that near to a distributing plate on tho 
upside thereof which is used for a fluidized bed. 
Such position is preliminarily determined based on 
experience. The electrode used is a metallic disk- 
shaped electrode having a diameter of 23 mm and 
a height of 10 mm. The electrode is usually made 
of stainless steel. This electrode is attached such 
that the tip end of the electrode protrudes 30 mm 
inside from the inner wail of a reactor. 

Furthermore, as a device for measuring current 
in the present invention any well-Known ammeter 
can be utilized, it is, however, noted that a mean 
value of such current is used in the present inven- 
tion, since measurements of the current exhibit 
certain distribution as mentioned above. Since the 
distribution of measurements of the current distrib- 
utes substantially symmetrically with the mean val- 
ue as the Central figure, far example, the central 
value within a range defined by measurements of 
the current may be used as such mean value- 
More specifically, a current value is measured for 
10 minutes at a rate of 2.5 values/sec, and the 
resulting 1500 current values are simply averaged 
to obtain a mean or average value. 

Meantime, when polyolefin particles come to 
be in contact with an electrode, at least a part of 
electric charge at the site where the polyolefin 
particles came to be in contact with the electrode 
transfers rapidly to the electrode. By such mea- 
surement of current based on electric charge, the 
purpose for the present invention can sufficiently 
be attained. 

The method for measuring current due to elec- 
tric charge transferred from pofymer particles elec- 
trified to an electrode used in the present invention 
is superior to a conventional potential measuring 
method and cannot bear comparison therewith as 
one for a polymer particle group which is in a 
complicated electrified state of coexistence of posi- 
tive and negative electric charge. The reasons of 
which will be described hereinbelow. 

One of which is in that potential of the elec- 
trode is always constant In the method of the 
present invention, the potential of electrode is al- 
ways constant because any electric charge is not 
accumulated in the measuring system which is 
different from the conventional method for measur- 
ing electric potential. In the present invention, cur- 
rent flowing through the electrode and earth rs 
usually measured, so that potential of the electrode 
is always equal to earth, that is zero. Strictly speak- 
ing, there arises Blectric potential difference by an 
amount corresponding to a product obtained from 
resistance of a path through which current flows 
and a current value. However, as is apparent from 
measuring of current, resistance of the path 
through which current flows is sufficiently small. 



and an amount of polymer particles electrified in 
the present invention is similarly extremely small, 
so that the current value is also small. Namely, 
potential difference due to flow of current is very 

5 small, so that it is negligible, and thus rt may be 
considered that the potential of electrode is always 
substantially equal to earth. 

As described above, since the potential of elec- 
trode is always equal to earth, an amount of eleo 

io trie charge transferred to an electrode in the case 
when polymer particles in a certain electrified con- 
dition come to be in contact with the electrode is 
always constant in response to the amount of elec- 
tric charge. Namely, it may be concluded that a 

13 current value being the measured value is directly 
reflected by an electrified state of polymer par- 
ticles. Furthermore, since the potential of electrode 
is always equal to earth, frequency In contact of 
polymer particles with an electrode is not affected 

20 by Coulomb lorces due to electrification of its mea- 
suring system itself. 

Another characteristic feature of the method 
used in the present invention is to obtain informa- 
tion about distribution in an electrified amount of 

zs particles. It is impossible to obtain information with 
respect to distribution of an electrified amount in 
every particles of polymer particles in the pre- 
viously mentioned contact and non-contact way 
methods for measuring potential. This is because 

30 the number of particles participating in measure- 
ment is too many. 

On the contrary, since the number of particles 
participating in measurement is few in the method 
used in the present invention, such information with 

ss respect to distribution of an electrified amount can 
bo obtained in every particles. 

Such distribution of an electrified amount in 
every particles will be more fully described. It was 
described previously that an electrified state of 

w particle (more strictly, a surface of particle) was not 
uniform. In this respect, if an electrified amount of 
particles can be measured with respect to an in- 
dividual particle, distribution in an eiectrffTed 
amount of polymer particles can be obtained, but 

45 in reality it i3 very difficult. 

In this respect explanation will be made on an 
example wherein there is a group having distribu- 
tion of a certain electrified amount. For simplicity, it 
id presumed that a particle group containing three 

so particles each of which possesses an electrified 
amount of 0, 1 , and 2, respectively. 

In these circumstances, when an electrified 
amount of these individual particles can be mea- 
sured, measured values of the particles appear in 

66 equal probability with respect to the respective 
values of 0, 1 and 2. 30 that correct distribution in 
electrified amount of the particle group is obtained. 
On one hand, in case of such a measuring method 
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wherein two particles participate simultaneously in 
the measurement, three combination ot (0, 1), (0. 2) 
and (1. 2) is considered. Thus, as measurement? 
for electrified amount, their mean values 0.5> 1 and 
1.5 are obtained in equal probability. Furthermore, 
in me case when three particles participate in the 
measurement, Ihere is only a case of (0, 1, 2), so 
that a measured value 1 of electrified amount is 
always obtained. 

ft is understood that when particle participating 
(n the measurement is one. correct distribution of 
an electrified amount is obtained, ff particles par- 
ticipating in the measurement are two. information 
as to distribution in an electrified amount of the 
particles is obtained although such information is 
not complete, and finally when particles participat- 
ing in ihe measurement are three, no information is 
obtained as to distribution in an electrified amount 
of the particles. While the example mentioned 
herein might be an extreme case, In reality, when 
the particles participating in measurement increase, 
the influence of distribution in an electrified amount 
of the particles upon ihe measured values de- 
creases. Accordingly, it may be concluded that 
such Information as to the distribution of electrified 
amount ot polymer particles obtained from the 
measured values also becomes less. 

In a manner for measuring potential by means 
of a conventional contact way measuring method, 
when equilibrium is established by the amount of 
electric charge introduced from an electrode and 
the amount of electric charge leaking out from a 
measuring instrument, the potential of the electrode 
is the measured value. For this reason, a time 
required lor obtaining one measured value is very 
long as compared with that of the method of the 
present invention. If a long period of time is re- 
quired for its measurement, the number of particles 
participating in one measured value increases pro- 
portionally. More specifically, in a manner for mea- 
suring potential by means of conventional contact 
and non-contact way measuring methods, the num- 
ber of the particles participating in an measured 
value Is very numerous. Accordingly, in this case 
information as to distribution ot electrified amount 
of polymer particles is not inevitably obtained as is 
apparent from the previously mentioned case 
where the particles participating in measurement 
are three. 

In the method for measuring current due to the 
electric charge transferred from polymer panicles 
to an electrode, the electric charge is not accu- 
mulated in its measuring system, but the electric 
Charge transferred to the Blectrode flows promptly 
to earth. SincB current is the differential of an 
electrified amount transferred with respect to time, 
the timo required for determining a certain mea- 
sured value is very short. Only the very few par- 



ticles which were In contact with electrode during 
such very short period of time participates in the 
measured value. More specifically, the method for 
measuring current dUB to the electric charge tranS- 
s ferred from polymer particles to an electrode which 
is used in the present invention is characterized in 
that the number of particles participating in one 
measured value Is very few in comparison with that 
of a manner for measuring potential by means of a 
70 conventional contact or non-contact way measuring 
method. Thus, while the former method is not 
perfect, certain Information can be obtained with 
respect to distribution in electrified amount ot poly- 
mer particles by this method used in the invention 
is as in the previously mentioned case wherein two 
particles participate In its measurement As de- 
scribed above, since the number of particles par- 
ticipating in measurement is very few In the meth- 
od of the present invention as compared with a 
20 conventional manner for measuring potential being 
a contact or non-contact way measuring method, it 
will be understood that information as to an elec- 
trified state which could not have been obtained in 
a conventional measuring method can be obtained 
23 in the measuring method of the present invention. 

Meanwhile, in a polymerization apparatus 
equipped with a reactor of fluidized bed type, 
weight of polymer particles in the reactor can be 
measured by detecting a difference between the 
do upper and lower pressure, i.e. differential pressure 
in a layer of the polymer particles being in a 
fluidized state in the reactor. This is because 
weight of the polymer particles in a fluidized state 
is supported by fluidizing gas stream, so that the 
35 pressure under the polymer particle layer is higher 
than that above the polymer particle layer by such 
pressure corresponding to the weight of the poly- 
mer particles in the layers. When height of a poly- 
mer particle layer in the reactor is controlled so as 
AO to be substantially constant, differential pressure 
between the upper and lower sites of the polymer 
particle layer indicates a value in response to a 
fluidized bulk density of its polymer particle group. 
In these circumstances, when polymer particles 
4$ adhere to the inner wall of a reactor, weight ot such 
adhered polymer particles is supported by the in- 
ner wall of the reactor by means of Coulomb 
forces. For this reason, the differential pressure 
between the upper and lower sites of the polymer 
50 particle layer fluidized indicates a smaller value 
than that of a normal case. In the case where 
height of a polymer particle layer In a reactor is 
constant, decrement of its differential pressure cor- 
responds to the weight of polymer particles ad- 
55 hered- Therefore, when differential pressure be- 
tween the upper and lower sites in a fluidized bed 
is measured, it is possible to determine an amount 
of adhered polymer particles. In the meantime, if 
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an inner diameter of reactor increases, then volume 
of a reacting section Increases In proportion to the 
third power of the inner diameter. Besides, area of 
a reactor wall in the reacting section Is proportional 
to the second power of an inner diameter of the 
reactor. Since a thickness of polymer particles ad- 
hering to the inside wall of a reactor is scarcely 
affected by an inner diameter of the reactor, a ratio 
of amount of adhered polymer particles with re- 
spect to total amount of polymer becomes small in 
inversely proportional to the inner diameter of the 
reactor. For this reason, a method for determining 
an amount oi polymer particles adhered to the 
inside wall of a reactor basBd on a change in 
differential pressure between the upper and lower 
sites ot the polymer particle layer fluidlzed in the 
reactor is measurable in case of the reactor of a 
small scale, but I? substantially immeasurable in 
case of the reactor of a large scale. 

When a temperature is measured by means of 
a thermometer disposed dose to the inner wall of a 
reactor in place of the above described measuring 
method, it is possible to presume the magnitude in 
amount of reaction at that place, I.e. the magnitude 
of catalyst concentration at that place. It will be 
easily understood that the thermometers disposed 
close to the inside wall of a reactor indicate a 
higher temperature than that in the polymer particle 
layer fluidized in the case where a catalyst con- 
centration is high in the place close to the inside 
wall of the reactor, in other words a large amount 
of reaction Is observed In the place dose to the 
inside wall of the reactor. In practice, when values 
indicated by the thermometers disposed close to 
the inner wall of a reactor are higher than that in a 
polymer particle layer, production of sheeMike 
polymers is observed. 

□CAMPLE 

An embodiment, examples and comparative 
examples of the present invention will be described 
in detail herein below in conjunction with the ac- 
companying drawings. 

Preparation Example for Solid Catalyst Compo- 
nents 

A 500 ml three-necked flask equipped w'rth a 
stirrer and a reflux condenser was fed with 50 g of 
Si0 2 which was baked at 600 "C, 160 ml of dehy- 
drated hexane and 2.2 m! of titanium tetrachloride. 
The contents were allowed to react for 3 hours 
under the refluxfng with nexane. After the reaction, 
the reaction mixture was cooled and 30 ml of 
diethylaluminum chloride solution in hexane (1 
mmol/ml) was added. Reaction was further carried 
out for 2 hours under the refluxing with hexane and 
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the reaction mixture was dried under reduced pres- 
sure at 120*C to remove the hexane. The thus 
obtained reaction product is hereinafter referred to 
as "Component I". 

s A stainless steel pot of 400 ml in internal 
volume containing 25 of stainless steel balls of 0.5 
inch in diameter, was fed with 10 g of commercially 
available anhydrous magnesium chloride and 4.2 g 
of aluminum triethoxide. Ball milling was carried out 

10 at room temperature for 16 hours In an atmosphere 
of nitrogen. The thus obtained reaction product is 
hereinafter referred to as "Component II". 

The above Component II (5.4 g) was dissolved 
into 160 ml of anhydrous ethanol and the whole 

7s sorution was fed into a three-necked flask contain- 
ing Component I. Reaction was carried out for 3 
hours under the reftuxing of ethanol. After that, 
drying under reduced pressure was then carried 
out at 150* C for 6 hours to obtain a solid catalyst 

20 component. The content of titanium was 15 mg per 
1 g of the obtained solid catalyst component. 

The reaction for the preparation of the solid 
catalyst component was performed in an inert gas 
atmosphere to avoid the contamination with mols- 

33 ture. 

Embodiment of Polymerization Apparatus for cr- 
Olefins 

so The reactor of a vapor phase fluidized bed 

type used in the following examples and compara- 
tive examples as well as the polymerizing condition 
therefor are as follows. 

As shown in Fig. 4, in a cylindrical vapor phase 

S3 fluidized bed type reactor 4 for ethylene poly- 
merization having 25 cm inner diameter of a reac- 
ting section, a stainless steel disk-shaped electrode 
9 was disposed at position 30 cm over a gas 
distributing plate fi at which it is considered that 

40 sheet-like polymers will be produced within the 
fluidized bed 7, and a commercially available am- 
meter was connected to the electrode, whereby 
current duo to the electric charge transferred from 
polyethylene particles to the electrode was mea- 

45 sured. 

Fig. 5 shows the current measuring device 
described above wherein reference numeral 4 des- 
ignates a metallic reactor, 7 a fluidized bed of 
polyethylene particles, and 10 a probe > respec- 

so lively. A disk-shaped metal electrode 9 (made of 
stainless steel) is fixed to the extreme end of a 
metal pipe 13 (made of stainless steel) having a 
flange portion 12 through an insulating material 14. 
The probe 1 0 Ts inserted into the fluidized bed 

66 through an opening of an attaching section 15 
formBd on a side wall of the reactor 4, When a 
flange portion 16 of the attaching section 15 is 
allowed to abut upon the flange portion 12 of the 

14 
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probe 10, tha metal electrode 9 is correctly posi- 
tioned and the opening for attaching the probe is 
sealed. A lead metal rod 17 is connected to the 
metal electrode 9. The metal rod 17 is taken out 
outside the reactor 4 through a hollow section of 
the metal pipe 13. and is connected to the positive 
terminal of an ammeter 1 1 by way of a lead wire 
18. The negative terminal of the ammeter 11 ts 
connected to the metal pipe 13 of the probe 10, 
and then connected to earth through the reactor 4. 
The used ammeter 11 was a vibration reed type 
digital electrometer made by Advantost Co., Ltd. 

The reactor was initially charged with 15 kg of 
polyethylene particles (linear low density polyethyl- 
ene having an average particle diamotor of 780 
um) as seed polymer. These polyethylene particles 
were circulated with nitrogen gas to form a fluidiz- 
ed bed. and then a raw material gas was supplied. 
The raw material gas consisting of ethylene, 
butane- 1 and hydrogen was fed in such a manner 
that the linear low density polyethylene to be pro- 
duced had a density of 0,819 g/cm a and a MFR 
(melt flow rate) of 0.6 dg/min. Operation of the 
reactor was effected under the condition of 85 *C 
temperature and 20 kgf/cm 2 «G pressure. 

However, ft is to be noted that experiments of 
the Following examples and comparative examples 
are individually carried out More specifically, these 
experiments were carried out at Intervals of from 
several days to several weeks, respectively. In re- 
ality, a raw material In the polymerization reactor 
was purged with nitrogen and the reactor was 
opened in the air In accordance wrth a prescribed 
procedure after the respective experiments. In the 
initiation of the experiments, the prescribed proce- 
dure was carried out. respectively. Furthermore, 
while a manner for preparing a catalyst was tho 
same with respect to the respective experiments, 
only the catalyst required for a certain experiment 
was separately prepared for use wrth a required 
amount therefor before that experiment was prac- 
ticed. 

Comparative Example i 

Linear low density polyethylene was polymer- 
ized by the use of the polymerization reactor under 
the condition described in said polymerization ap- 
paratus for or'Oletln. 

At the rjme Of feeding the raw material gas, 
measurements of the current due to electric charge 
transferred from polyethylene particles, as seed 
polymer, to the electrode disposed inside the reac- 
tor were from -220 to +200 nA and the average 
value thereof -10 nA. On one hand, in piece of the 
ammeter, an electrostatic voltmeter was connected 
to the electrode to measure potential of the elec- 
trode in accordance with contact way measuring 



method. As a result, the measurements of from 
-0.5 to 0 kV were obtained. 

On the other hand, a weight of the linear low 
density polyethylene particles In the reactor cal- 

s culated from differential pressure between (he up- 
per and lower layers thereof was a value smaller 
than about 3 kg from the weight of the seed 
polymer which was introduced initJalfy into the re- 
actor. Accordingly, an amount of adhered polymer 

70 which was estimated from the differential pressure 
was about 3 kg. 

Then feed Of the solid catalyst component con- 
taining Ti and Mg obtained from an example lor 
preparing said solid catalyst component as well as 

is triethyl aluminum were started to carry out reaction 
for polymerizing the linear low density polyethyl- 
ene. However, soon after indicated value of a ther- 
mometer disposed close to the inside wall of the 
reactor became higher a temperature of the fluidiz- 

20 ed linear low density polyethylene particle layer. At 
the same time, a port for drawing out the linear low 
density polyethylene powder produced and the 
downstream piping therefor became clogged, so 
that the polymerization reaction was forced to stop. 

26 After shut-down, the reactor was inspected. As a 
result, it was found that a cause of clogging in the 
drawing-out system was a sheet-like polymer. In 
the reactor, such sheet-like polymer was also ob- 
served, besides small sheet-like polymer was also 

so found in the linear low density polyethylene powder 
exhausted from the reactor- 
Comparative Example 2 

35 Polymerization of linear low density polyethyl- 

ene was continued by the use of the polymeriza- 
tion reactor under the condition described in said 
polymerization apparatus for a-olefin. Then, mea- 
surements of the current due to electric charge 

^0 transferred from linear low density poiyethylerte 
particles to the electrode disposed inside the reac- 
tor changed gradually from -40 to +50 nA and the 
average value thereof was + 5 nA, and finally these 
measurements and the average value thereof 

45 reached from -250 to + 150 nA and -50 nA. respec- 
tively. During this change, differential pressure be- 
tween the upper and lower layers of the linear low 
density polyethylene particles In the reactor de- 
creased gradually in spite of maintaining a height 

so of the linear low density polyethylene particle layer 
at a substantially constant value. Since a bulk den- 
sity of the linear low density polyethylene powder 
drawn out from the reactor did not change, it may 
be presumed that the decrease in the differential 

65 pressure between the upper and lower layers of the 
linear low density polyethylene particles \3 due to 
adherence of the linear low density polyethylene 
particles to the Inside wall of the reactor. From an 
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amount of decrease in the differential pressure 
between the upper and Tower layers of the linear 
k>w density polyethylene particles, an amount of 
the linear low density polyethylene particles ad- 
hered to the inner wall of the reactor may be 
estimated to be about 4 kg. 

After the commencement of change in mea- 
surements of the current due to electric charge 
transferred from linear low density polyethylene 
particles to the electrode, an indicated value of the 
thermometer disposed close to the inner wall of the 
reactor came to be higher than temperatures in the 
fluidizod linear low density polyethylene particle 
layer, and tnis came to be exhibiting a state in- 
dicating production of a sheeHike polymer. 

Thereafter, it became difficult to drawn out the 
linear low density polyethylene particles produced 
from the reactor so that the polymerizing reaction 
was stopped- 

After shut-down, the reactor was inspected- As 
a result a sheet-Tike polymer was observed, be- 
sides a small sheet-like polymer was also found in 
the linear low density polyethylene powder ex- 
hausted from the reactor. 

Comparative Example 3 

Polymerization of linear low density polyethyl- 
ene was continued by the use of the polymeriza- 
tion reactor under the condition described in said 
polymerization apparatus for a-clefin. Then, mea- 
surements of the current due to electric charge 
transferred tram linear low density, polyethylene 
particles to the electrode disposed inside the reac- 
tor changed gradually from -40 to +50 n A and the 
average value thereof was +5 nA, and finally these 
measurements and the average value thereof 
reached from -100 to +20 n A and -40 nA, respec- 
tively. From an amount of decrease in the differen- 
tial pressure between the upper and lower layers of 
the linear row density polyethylene particles in the 
reactor, the polymer adhered to the inner wall of 
the reactor was estimated to be a small amount 
such as 1 kg or less. 

After the commencement of change in mea- 
surements of thB currant due to electric charge 
transferred from linear low density polyethylene 
parttcfes to the electrode, an indicated value of the 
thermometer disposed close to the inner wall of the 
reactor came to be higher than temperatures in the 
fluidized linear low density polyethylene particle 
layer, and this came to be exhibiting a state in- 
dicating a possibility of production of a sheeHike 
polymer. 

Thereafter, it became difficult to drawn out the 
linear low density polyethylene particles produced 
from the reactor so that the polymerizing reaction 
was unavoidably stopped. 



After shut-down, the reactor was inspected. As 
a result, a sheet-like polymer was observed, be- 
sides a small sheet-like polymer was also found in 
the linear low density polyethylene powder ex- 
5 hausted from the reactor. 

Example 1 

Polymerization of linear low density polyethyl- 

io one was stably continued by the use of the poly- 
merization reactor under the condition described in 
said polymerization apparatus for a-olefln. Then, 
measurements of the current due to electric charge 
transferred from linear low density polyethylene 

75 particles to the electrode disposed inside the reac- 
tor indicated from -40 to +50 nA and the average 
value thereof was +5 nA. 

From an amount of decrease in the differential 
pressure between the upper and lower layers of the 

20 linear low density polyethylene particles in the 
polymerization reactor, the polymer adhered to the 
inner wall of the reactor was estimated to be a 
small amount such as 1 kg or less. 

Since a bulk density of the linear low density 

25 polyethylene powder drawn out from the reactor 
did not change, it was understood that the linear 
low density polyethylene particles adhered scarce- 
ly to the inside wall of the reactor. 

After shut-down, the reactor was inspected and 

so aa a resutt. no sheet-like polymer was observed, 
furthermore, no sheet-like polymer was also found 
in the linear low density polyethylene powder 
drawn out from the reactor. 

On one hand, in place of the ammeter, an 

55 electrostatic voltmeter was connected to the elec- 
trode to measure potential of the elBctrode in ac- 
cordance with contact way measuring method. A3 a 
result, the measurements of from 0 to +0.5 kV 
were obtained. These values are ones substantially 

40 near to the values of tne electrostatic voltage mea- 
sured in Comparative Example 1. In Comparative 
Example 1. however, width of the amplitude in 
oscillating current was wide, so that an amount of 
polymer particles adhered which is estimated from 

45 the differential pressure was remarkable in re- 
sponse to the aforesaid wide width. On the con- 
trary, in the present example, amplitude of the 
oscillating current was comparatively narrow so that 
an amount of adhered polymer particles was small 

so in response to such narrow amplitude 

As a matter of course, an average value of 
oscillating current indicated minus in Comparative 
Example 1 so that production of a sheet-like poly- 
mer was observed, white oscillating current indi- 
es cated plus in the present example so that it exhib- 
ited suppression of producing the sheet-like poly 
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Example 2 

Polymerization of linear low density polyethyl- 
ene was continued by the use of the polymeriza- 
tion reactor under the condition described in said 
polymerization apparatus for er-olefin. Then, mea- 
surements of the current due to electric charge 
transferred from linear tow density polyethylene 
particles to the electrode disposed inside the reac- 
tor changed gradually from -40 to +50 nA and the 
average value thereof was +5 nA, and finally these 
measurements and the average value thereof 
reached from -180 to +260 nA and +40 nA, 
respectively. During this change, differential pres- 
sure between the upper and lower layers of the 
linear low density polyethylene particles in the re- 
actor decreased gradually In spite of maintaining a 
height of (he linear low density polyethylene par- 
ticle layer at a substantially constant value. Since a 
bulk density of the linear low density polyethylene 
powder drawn out from the reactor did not change, 
it may be presumed that the decrease in the dif- 
ferential pressure between the upper and rower 
layers of the linear low density polyethylene par- 
ticles is due to adherence of the linear low density 
polyethylene particles to the inside wall of the 
reactor. From an amount of decrease in the dif- 
ferential pressure between the upper and lower 
layers of the linear low density polyethylene par- 
ticles, an amount Of the linear low density polyeth- 
ylene particles adhered to the inner well of the 
reactor was calculated to be about 2 kg. 

After continuing the polymerization under such 
condition as described above, feed of the catalyst 
and the raw material was stopped, the operation 
was ceased, and the interior of the reactor was 
inspected- As a result, no sheet-like polymer was 
found, besides no sheet-like polymer was also ob- 
served in the linear low density polyethylene pow- 
der drawn out from the reactor. 

Example 3 

Polymerization of linear low density polyethyl- 
ene was continued by the use of the polymeriza- 
tion reactor under the condition described In said 
polymerization apparatus for a-olefin. Then, mea- 
surements of the current due to elBctric charge 
transferred from linear low density polyethylene 
particles to the electrode disposed inside the reac- 
tor changed gradually from -40 to +50 nA and the 
average value thereof was + 5 nA, and finally these 
measurements and the average value thereof 
reached from -180 to +150 nA and -15 nA, respec- 
tively- During this change, differential pressure be- 
tween the upper and lower layers of the linear low 
density polyethylene particles in the reactor da- 
creased gradually in spite of maintaining a height 



of the linear low density polyethylene particle layer 
at a substantially constant value. Since a bulk den- 
sity of the linear low density polyethylene powder 
drawn out from the reactor did not change, it may 
s be presumed that the decrease in the differential 
pressure between the upper and lower layers of the 
linear low density polyethylene particles is due to 
adherence of the linear low density polyethylene 
particles to the inside wall of the reactor. From an 
io amount of decrease in the differential pressure 
between the upper and fower layers of the linear 
low density polyethylene particles, an amount of 
the linear low density polyethylene particles ad- 
hered to the inner wall of the reactor was cal- 
ls culated to be about 3 kg. 

After the commencement of change in mea- 
surements of the current due to electric charge 
transferred from linear low density polyethylene 
particles to the electrode, an indicated value of the 
20 thermometer disposed close to the inner wall of Ihe 
reactor came to be higher than temperatures in the 
fluidlzed linear low density polyethylene particle 
layer, and this came to be exhibiting a state in- 
dicating production of a sheet-like polymer. 
25 Thereafter, the sheet-like polymer came to be 
observed in the linear low density polyethylene 
powder drawn out from the reactor, so that feed of 
the catalyst was temporarily stopped. 

In this situation, a comonorner concentration in 
30 the polymerization gas was allowed to increase 
from 0.38 mole to 0.43 mole with respect to 1 mole 
of ethylene. 

As a result, measurements of the current due 
to electric charge transferred from the linear low 

as densfty polyethylene particles to the electrode 
changed, and finally these measurements and the 
average value thereof reached from -120 to +150 
nA and + 15 nA, respectively. 

After that feed of the catalyst was started 

40 again, so that no sheeHike polymer was observed, 
and constant operation could be carried out. K was 
presumed that an amount of the polymer particles 
adhered to the inner wall of the reactor was es- 
timated to be about 2 kg from an amount of de- 

45 crease in the differential pressure between the up- 
per and lower layers of the fluidized bed during 
operation. 

After shut-down, the interior of the reactor was 
inspected so that no sheet-like polymer was ob- 

so served. 

According to the present invention, an average 
value Of current due to the electric charge trans- 
ferred from poly olefin particles to an electrode is 
allowed to be zero or a positive value in vapor 

55 phase polymerization of a^polyolefin by means of a 
fluidized bed reactor. As a result, it is possible to 
prevent production of sbeeMike polymers and to 
stably continue the reaction for polymerization. 

17 
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It will be appreciated by those of ordinary skill 
in the art that the present invention can be em- 
bodied in other specific forms without departing 
from the spirit or essential characteristics thereof. 

The presently disclosed embodiment is there- s 
fore considered in all respects to be illustrative and 
not restrictive. The scope of the Invention is in- 
dicated by the appended claims rather than the 
foregoing description, and all changes that come 
within the meaning and range of equivalents there- 70 
of are intended to be embraced therein. 

Claims 

1. A method for poly merging or copolymerizing is 
cr-otefins in the vapor phase which comprises 
supplying to a rector a catalyst composed of a 
solid catalyst component containing at least 
titanium and/or vanadium as well as magne- 
sium and an organic aluminum compound. 20 
< said method comprising a step of determining 
the current caused by the efectric charge 
transferred from electrically charged polymer 
particle? to an electrode disposed at a position 
where sheet-like polymers wilt be produced in 25 
a reactor, said transfer being caused as a 
result of contact of said polymer particles in 
the reactor with said electrode, and polymeriz- 
ing the a -olefin under such condition where the 
mean value of said current Is zero or a positive oo 



2. A method for polymerizing or copofymerizing 
cr-oJeflns In the vapor phase as claimed in 
claim 1, wherein said organic aluminum com- ss 
pound is an alkyl aluminum. 

3. A method for polymerizing or copolymerizing 
a-otefins in the vapor phase as claimed in 
claim 1 or 2, wherein said catalyst is com- 40 
posed of a solid catalyst component containing 

a tetravalent titanium compound and a magne- 
sium halide as welt as an alkyl aluminum. 

4. A method for polymerizing or copolymerizing 45 
a-oteflns In the vapor phase as claimed m any 

of the claims 1 to 3, wherein said a-olefm 
contains 2 to fl carbon atoms. 



value. 



50 



55 
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